(12) LNTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(19) World Intellectual Property Organizati n 

International Bureau 

(43) International Publication Date 
12 April 2001 (12.04.2001) 



PCT 


(10) International Publication Number 

wo 01/25754 Al 


(51) International Patent Classification': GOIN 21/00 

(21) International Application Number: PCTAJSOO/4097 1 

(22) International Filing Date: 

21 September 2000 (21.09.2000) 


(25) Filing Language: 

(26) Publication Language: 


English 
English 


(30) Priority Data: 
09/413,940 


7 October 1999 (07.10.1999) US 


(71) Applicant: TITAN CORPORATION [USAJS]; 3033 
Science Park Road, San Diego, CA 92121 (US). 

(72) Inventors: WILLIAMS, Colin, Brian; 6559 Avenida 
Manana, La JoUa. CA 92037 (US). ALLEN, John, 
Thomas; 4626 Black Pine Place, San Diego, CA 92130 
(US). SULLIVAN, George, Michael, Jr.; 8778 Elford 
Court, San Diego, CA 92129 (US). 


(74) Agents: PARKHURST, David, G. et al.; Fulwider Patton 
Lee & Utecht, LLP, Howard Hughes Center, lOlh floor, 
6060 Center Drive, Los Angeles, CA 90045 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV. MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, FT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional)-: ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, IZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, 
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 


(54) Title: ARTICLE IRRADIATION SYSTEM IN WHICH ARTICLE TRANSPORTING CONVEYOR IS CLOSELY ENCOM- 
PASSED BY SHIELDING MATERIAL 



TT 
IT) 


o 


(57) Abstract: Articles are transported by a conveyor system in a loop from a loading area past a target region to an unloading area 
adjacent the loading area. A first side of the article is irradiated by a radiation source in the target region during the article movement 
through the target region. The radiation source may be substantially parallel or perpendicular to the conveyor system. The loop has 
curved portions and straight portions between the curved portions. Radiation shielding material substantially Gils the space within 
the loop. The conveyor system and the radiation source are disposed within a chamber made from a radiation shielding material (e.g. 
concrete). The shielding material inside and outside the loop defmes a radiation-free loop portion having straight portions with a 
relatively close spacing. A bridge having no radiation shielding and a relatively short length is disposed in this radiation -free area 
as are the loading and unloading areas. The bridge rotates the articles through an 180*" angle after the irradiation of the first side of 
the article and transfers the articles to the conveyor system at a position before the target region to obtain another movement of the 
articles past the radiation source and an irradiation of the second side of the articles. After such irradiation, the articles are transferred 
to the unloading area. 
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ARTICLE IRRADIATION SYSTEM IN WHICH 
ARTICLE TRANSPORTING CONVEYOR IS CLOSELY 
ENCOMPASSED BY SHIELDING MATERIAL 

This application is a continuation-in-part of application 08/854,202 filed in the USPTO 
on May 9, 1997, by John Thomas Allen, George Michael Sullivan, Jr., Michael Scott Bresell, 
Harrold Brook Knpwles, Anthony Alexander Zante, Richard Joseph Mendonsa, Richard 
Clarke Miller and Kemeth Whitham and assigned of record to the assi^ee of record of this 
5 applicatioii. , , , 

This invention relates to a system for, and method of, irradiating articles to sterilize the 
articles. The system and method of this mventipn are advantageous in that they provide for 
two (2) passes of the articles past a radiation source to irradiate the opposite sides of the 
articles and in that they provide a simplified bridging arrangement for rotating the article in 
10 the second pass through an angle of 180^ to obtain the irradiation of the opposite side of the 
articles from the side of the article irradiated in the first pass. The system and method of this 
invention are also advantageous in providing improvements in shielding the articles to 
facilitate the construction of the simplified bridging arrangement without any radiation 
shielding in the simplified bridging arrangement. 

15 

BACKGROUND OF THE INVENTION 

A prior art irradiation system that utilizes a conveyor system for transporting articles 
through a target region is described in U.S. Patent No. 5,396,074 to Peck at el. Patent 
5,396,074 is assigned of record to the assignee of record of this application. In such prior art 

20 system, the radiation source and the conveyor system are disposed in a room having concrete 
walls, wherein such concrete walls and additional concrete walls defining an angled 
passageway to the room shield loading and unloading areas located outside of the room from 
radiation derived from the radiation source. 

A system for reorienting the articles from retransportation through the target region 

25 also is described in U.S. Patent No. 5,396,074 to Peck et al, In such reorienting system, a gear 
rack is disposed adjacent a reroute conveyor system (or bridging arrangement) that transports 
the articles from a position on a primary conveyor system located past the target region in the 
direction of movement of the primary conveyor system to a position on the primary conveyor 
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system located before the target region in such direction of movement. A rotatable collar 
mechanism on an article carrier interacts with the gear rack in such a manner as the article 
carrier is being transported past the rack by the reroute conveyor system as to reorient the 
article carrier by 1 80 degrees. 
5 In co-pending application 08/854,202 filed in the USPTO on May 9, 1997, and 

assigned of record to the assignee of record of this application, an article irradiation system 
is provided comprising a radiation source positioned for scanning a target region with 
radiation, a conveyor system for transporting articles from a loading area through the target 
region to an unloading area, and fadiatiori shielding material defining a tunnel which closely 
1 0 encompasses portions of the conveyor system extending away from the target region toward 
the loading and unloading areas. Sy so disposing such closely encompassing radiation 
shielding material in bi-def ib shield the loading and unloading areas from radiation derived 
from the radiation source, an irradiation system is provided thai requires a significantly less 
overall area than in the prior art. 
15 For example, in the system of co-peniding application 08/854,262 the conveyor system 

is disposed in a path having turns closely encompassed by the radiation shielding material and 
of such degree between the target region and the loading and uhloaiding ai-eas that the radiation 
shielding material closely encompassing said turns precludes a direct linie of sight between the 
target region and the loading area and a direct line of sight between the target region and the 
20 unloading area. As a result, the loading and unloading areas in the system disclosed and 
claimed in co-pending application 08/854,202 are shielded from radiation derived from the 
radiation source. Such disposition facilitates a compact embodiment of the irradiation system 
in which the loading area and the unloading area are within a common unshielded area and the 
path of the conveyor system defines a closed loop from the loading area to the unloading area. 
25 Such disposition also facilitates a compact embodiment of the irradiation system in which the 
conveyor system is included in an assembly line having an unshielded loading area and an 
unshielded unloading area. 

In a second aspect, the article irradiation system disclosed and claimed in co-pending 
application 08/854,202 comprises a radiation source positioned for scanning a target region 
30 with radiation and a first conveyor system for transporting articles from a loading area through 
the target region to an unloading area, with the first conveyor system being disposed in a 
closed-loop path. A first side of the article is irradiated by the radiation source during the 
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movement of the articles by the first conveyor system through the target region. The system 
of co-pending application 08/854,202 further comprises a second conveyor system coupled 
to the first conveyor system for transporting the articles from a first position on the first 
conveyor system. The first position is past the target region and has a given alignment- The 
5 second position on the first conveyor system is before the target region and has an alignment 
that is 1 80^ different than the given alignment. In this way, the articles transported by the first 
conveyor systerri are reoriented by 1 80^ with respect to the path of the first conveyor system 
for retransportatioh through the target regiorii-This causes a second side of the articles to be 
irradiatedby the radiation sbiirce during a rhovemeht of the articles through the target 

10 region. " '^'"^ 'y'- '^^r'^- -^-'j'-^. ^- . - 

' For example, in an embodiment of the system in co-pending application 08/854,202, 
the patii of the first Conveyor system has four tiims arid a-straight segment between each pair 
of adjacent turns. The target region is within a first straight segriient of the first conveyor 
system. The loading and unloading areas are adjacent a second straight segment of the first 

15 conveyor system on the opposite side of the loop fi-om the first straight segment. The first 
position on the fir^t conveyor systehi is in a third straight segment which is between the two 
turns of the loop that are between the target region and the unloading area. And the second 
position on the first conveyor systein is in a fourth straight segment which is between the two 
tums of the loop that are between the target region and the loading area. In such an 

20 arrangement, the second conveyor System may be so simple as to merely define a straight path 
firom the first position on the first conveyor system to the second position on the first conveyor 
system. 

In a third aspect, the system of co-pending application 08/854,202 provides a set of 
shielding modules for use in an article irradiation system that includes a radiation source 

25 positioned for stanning a target region with radiation and a conveyor system for transporting 
articles through the target region. These shielding modules comprise radiation shielding 
material which define a tunnel for closely encompassing a portion of the conveyor system. 
Such shielding modules are particularly well suited for use in embodiriients of the irradiation 
system according to the above-described first aspect described above in which the conveyor 

30 system is disposed in a path having tums. For example some of the modules may be curved 
for respectively encompassing segments of the conveyor systeni having an arc of curvature 
that is an integer divisor of ninety degrees. ' ' 
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In a fourth aspect, the system of co-pending application 08/854,202 provides a 
radiation shielding assembly for use in an irradiation system that includes an electron beam 
radiation source positioned for scanning articles with an electron beam disposed in a target 
region. The radiation shielding assembly may comprise a beam stop of material for absorbing 

5 electrons and for converting the energy of the absorbed electrons into gamma-rays that are 
emitted from the beam stop. The beam stop is disposed on the opposite side of the target 
region from the radiation source. . The radiation shielding assembly may also comprise a 
radiation shield for. absorbing radiationyWhile inhibiting of neutrons beyond the 

shielding assembly ^ The radiation,shield defipes a comdor.thrQugh yvhi^ thp electron beam 

10 is scanned for irradiating articles disposed in the target region and further define.s a tunnel 
through which articles .may be transported ,tq,and frprn the; target region. The tunnel and the 
corridor cornmunieate with. each other. ^;\\^enithe cQjnn communicate with 

the target region^ one, si4e.pf the article .passing^ tluough- the tuimej^ i^ with the 

: radiation from the source, w . . i ; . i.! ? . ; . = - ' 

15 . . The beam stop is disposed within. a. recess in a portion of the. radiation shield that 
defines a portion of the corridor on the opposite side of the, target region from the target 
source. In this way, ganuna rays emitted from the beam stop to>yard.the radiation source but 
obliquely thereto are inhibited by said portion of the radiation shield fron) entering the tunnel. 

20 BRIEF DESCRIPTION OF THE INVENTION 

The system and method disclosed in. this continuation-in-part application provide 
certain advantages over the system and method disclosed and claimed in application 
08/854,202; For example, the reroute conveyor, system (or the bridging arrangement) in this 
continuation-in-part application is^isposed in a radiation-free area of the looped conveyor 
25 system and is provided with a simplified construction and a shortened path. The simplified 
and shortened construction of the reroute conveyor system is facilitated by an enhanced 
distribution of radiation shielding material in the conveyor system. 

In one ernbodiment of the invention articles are transported by a conveyor system in 
a loop from a loading area past a target region to an unloading area adjacent the loading area. 
30 A first side of the article is irradiated by a radiation source in the target region during the 
article movement through the target region. The radiation source may be substantially parallel 
or perpendicular to the conveyor system. 
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The loop has curved portions and straight portions between the curved portions. 
Radiation shielding material substantially fills the space within the loop. The conveyor system 
and the radiation source are disposed within a chamber made from a radiation shielding 
material such as concrete. : The shielding material inside and outside the loop defines a 
5 radiation-free loop portion having straight portions with a relatively close spacing. 

A bridge having no radiation shielding and a relatively short length is . disposed in this 
radiation-free loop portion as are ' the loading and unloading areas. The bridge rotates the 
articles through an 180^ angle after the irradiaLion of the first side of the article and transfers 
' the articles to txie conveybr system at a position before the target region to obtain another 
1 0 movement of the articles by the^conveyof-'system past the radiation source and an irradiation 
' ' of the second side "of the articles- by the radiation source. After such irradiation, the articles 
' ■ are transferred to the uriloatding area ^ - ; > >r ; = . 

3R1EF DESCRIPTION OF THE DRAV/iNGS 

' 1-5 Figure 1' is a perspective view of an embodiment of an inadiation system having 

features which are incorpdriated in this invention; 

Figure 2 is a diagram in section of the interior of a preferred embodiment of a radiation 
shielding assembly included in the irradiation system of Figure 1 ; 

Figure 3 is a plan view showing a modified embodiment, included within an assembly 
20 line, of the irradiation system of Figure 1, portions of radiation shielding modules being 
broken away to show the dispositiorl of the radiation shielding material therein in relation to 
the conveyor system; In the portions of the diagram of Figure 3 in which portions of the 
radiation shielding modules are not broken away, the portions of the conveyor system 
encompassed by radiation shielding material are shown by dashed lines; 
25 Figure 4'is an end view of a preferred embodiment of a radiation shielding module 

which encompasses a portion of the conveyor system shown in Figures 1 and 3; 

Figure 5 is a plan view of another preferred embodiment of an irradiation system in 
which portions of the conveyor system encorhpassed by radiation shielding material are shown 
by dashed lines; - . 

30 Figure 6 is a plain view of a preferred embodiment of an irradiation system included 

'■ within the scope of this invention and incorporating' features shown in the previous Figures; 
and • . - . . . : ^ / • \ t ■ • 
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Figure 7 is a plan view of another preferred embodiment of an irradiation system 
included within the scope of the invention and incorporating features shown in the previous 
Figures. 

DETAILED DESCRIPTION 

5 Referring to Figures 1, 2 and 3, a preferred embodiment of an irradiation system 

incorporating features included in the present invention is shown as having a radiation source ^ 
generally indicated at 10, a conveyor systemi2 and a radiation shielding assembly 13. The 
radiation system is also shown as having a pairof straight-section radiation shielding modules 
1 4 respectively having one end sealed to opposite.ends of the radiation shielding assembly 1 3, 
1 0 a first pair of comer-section radiation shielding modules 1 5:respectively having one end sealed 
to the other ends of the straight-section radiation shielding modules. 14 .^d a second pair of 
comer-section radiation shielding modules 1 6 respectiyely.haying one end sealed to the other 
ends of the first pair of comer-section radiation shielding modules 15. Articles 18 (Figure 1 ) 
carried by article carriers 20rare transported by Xh^ cpjiyeyp? . system 1 2 in a direction indicated 
15 by arrows 21 (Figure 21) from a loading area 22 through a target region 23 to an unloading 
area 24, The radiation source 1 0 is positioned for scanning the target region 23 with radiation. 
As shown in Figures 1 and 3, the conveyor system 1 2 and the radiation source 1 0 are disposed 
in a common horizontal plane. . ^ . u - 

The radiation source 10 preferably is a lOrmillion-electron- volt linear accelerator 
20 having an electron accelerating wave guide that provides an electron beam for irradiating 
articles 18 transported through the target region 23 by the conyey system 12. The radiation 
source 10 is disposed along an approximately horizontal axis outside a loop defined by the 
path of the conveyor system 12 and scans the articles 1.8 with an electron beam at a given rate 
in a plane perpendicular to the direction of transport by the conveyor system 12.. The scanning 
25 height and the current of the electron beam are adjusted in accordance with the height and 
radiation absorption characteristics of the articles being scanned. The scanning of the articles 
18 by the^electron beam is further controlled as described in the above-referenced U.S. Patent 
No. 5,396,074. The accelerator is located inside a removable shield and protected by interior 
walls fii-om ionizing radiation and ozone. In alternative embodiments, the radiation source 
30 scans the articles with a type of radiation other than an electron beam, such as X-rays. 

Referring to Figure 2, the radiation shielding assembly \ 3 includes a beam stop 25 and 
a radiation shield 26. The radiation shield 26 includes material for absorbing radiation while 
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inhibiting emission of neutrons beyond the shielding assembly 13. The radiation shield 26 
defines a corridor 27 through which the electron beam is scanned for irradiating articles 18 
disposed in the target region 23. and further defines a tunnel 28 through which the articles 18 
may be transported by the conveyor system 1 2 to and fi-om the target region 23 . Preferably, 
5 the portion of the radiation shield26 defiriing the tunnel 28 closely encompasses the conveyor 
system 12.. ■ --ih' .. ^ . 

The beam stop. 25' is disposed on the opposite side of the target region 23 Trom the 
radiation source 16 and includes a material, such as aluminum, for absorbing.electrons and for 
converting the energy of the absorbed electrons into gammarrays that are emitted fi-om the 
10 beam stop 25. The beam stop is disposediwithin arecess 29 in a portion ofthe radiation shield 
26 that defines a portion of the corridor 27 on the opposite side of the target region 23 from 
the radiation source il O so that gaiiima-rays emitted from the beam stop 25 toward the radiation 
source 10:but ,obiiqueLy thereto are inhibited from entering the tunnel 28 by such portion of 
the radiation shield 26v ; ^ [' ^.c - V ^ . r ! = /: 

The radiation shield 26 includes a layer of lead 3 0 for absorbing the emitted garnma- 
^ rays and;a layerof cadmium-free-iron 3 1 disposedbetween the lead 30 and the corridor 27 for 
reducing the velocity of the emitted gamma-rays so that gamma-rays entering the lead 30 from 
the iron 3 1 are absorbed by the lead 30 and do not cause neutrons to be emitted from the lead 
30. The iron 31 is disposed within a recess 32 within the lead 30 in the portion of the radiation 
20 shield 26 that is on the opposite side of the target region 23 from the radiation source 1 0 so 
that gamma-rays emitted from the iron 3 1 toward the radiation source 1 0 but obliquely thereto 
are inliibited from entering the tunnel 28 by the lead 30 in such portion of the radiation shield 
26. Both the lead portion 30 and the iron portion 31 of the radiafion shield 26 are readily 
constructed with a plurality of plates of various dimensions having a thickness in a range of 
25 approximately three to six inches, a width in a range of approximately two to four feet and a 
length in a range of approximately two to six feet. In one alternative embodiment (not shown) 
the radiation shield 26 includes a much thicker layer of cadmium-free iron and does not 
include any lead. . , 

In another alternative embodiment (not shown), the radiation shield 26 includes 
30 concrete for absorbing the emitted gamma-rays with the concrete replacing the lead 30 and the 
iron 31 in the space on the opposite side of the target region 23 from the radiation source 10 
and extending toward the loading area 22 and the unloading area 24 by such distances and in 
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such directions as are required to provide adequate shielding of the loading area 22 and the 
unloading area 24 from radiation derived from the radiation source 10. 

The conveyor system 1 2 may preferably be a chain conveyor system constructed of 
Bosch TS 3 Modular Conveyor components available from Bosch Automation Products, 
5 Buchanan, Michigan. The article carriers 20 may preferably be Bosch workpiece pallets. 

Figure 3 shows an embodiment of the irradiation system in which the conveyor system 
12 is included within an assembly line. : In one such^embodiment, the loading area 22 is a 
packaging area of the assembly. line:andthe;unloadingarea:24 is a boxing area of the assembly 
line. In another such embodiment, the toading area 22 is a^boxing area of the assembly line 
1 0 and the unloading area 24 is the end:of the assembly Jin^ from which the boxed articles 1 8 are 
removed for shipping; = w-r ^ .i'-.^ " . : > .* * 

Still referring to- Figure 3, the;conveyor system,12 includes a:process=conveyor section 
33; an inbound transport conveyonsection :34, an outbound trahsport^conveyor section 35 and 
a closing conveyor section 36, all of which conveyor sections are independently powered. The 
1 5 process conveyor section 33 triansports the article, carriers .20 through the target region 23 at 
a first speed. The first inbound conveyor section: 34 transports the article, carriers 20 from the 
loading area 22 to the closing conveyor section 36 at a second speed that differs from the first 
speed. r - ; :: - 

The closing conveyor section 36 transports the article carriers 20 from the inbound 
20 transport conveyor section 34 to the processor conveyor section 33 at a speed that is varied 
during such transport to position the article carriers 20 on the process conveyor section 33 for 
providing a predetermined separation distance between adjacent positioned article carriers 20. 
The closing conveyor section 36 transports the article carriers 20 at the speed of the process 
conveyor section 33 when the closing conveyor section 36 positions the article carrier 20 on 
25 the processor conveyor section 33. The variable speed of the closing conveyor section 36 is 
controlled as described in the above-referenced U.S. Patent No. 5,396,074. 

The outbound transport conveyor section 35 transports the article carriers 20 from the 
process conveyor section 33 to the unloading area 24 at a speed that may be the same as or 
different from the second speed of the inbound transport conveyor section 34. When the 
30 conveyor system 12 defines a closed loop, as shown in Figure 1, the inbound transport 
conveyor section 34 and the outbound transport conveyor section 35 may be combined into 
a single transport conveyor section thatis driven at the second speed, or the inbound transport 


BNSIDOCID: <WO 0125754A1_I_> 


wo 01/25754 PCT/USOO/40971 

9 

conveyor section 34 and the outbound transport conveyor section 35 may be driven separately 
at respective speeds that may be the same or different. 

The construction and operation of the process conveyor section 33, the inbound 
transport conveyor section 34, the outbound transport conveyor section 35 and the closing 
5 conveyor section 36 are disclosed in additional detail in patent 5,396,024. Reference may be 
made to patent 5,396,074 to provide additionaK details conceming the construction and 
operation of the different conveyor sections specified above. < 

Stop gates 38 (Figures 1 and 3) are disposed at selected positions^ within the conveyor 
system 12^ including before the closing conveyor section 36^: in the loading area 22, in the 
10 unloading area 24, and within the inbound transport conveyor section 34 as shown, for 
' queuing and traffic management of the article cani^rs 20. ^ 

RefeiTing to Figure 4, the radiation shielding modules 14, 15 and 16 include radiation 
' * shielding material; such as an outer layer of lead 40 sun^ cadmium- 
free iron 41 and^dispoSed within a stainless -steel container 42. The exposed inner surface of 
15 the iron layer 41 is cbvered v/itK stainless-steel sheets 43. In an alternative embodiment (not 
shown) the radiation shielding modules 14, 15 -and 16 include a much thicker layer of 
cadmium-free iron and do not include any lead. The radiation shielding materials 40 and 41 
' within the radiation shielding modules 14, 15 and 1 6 define extensions of the tunnel 28 and 
closely encompass the portions of the conveyor system 12. that extend away from the target 
20 region 23 toward the loading area 22 and the unloading area 24. The radiation shielding 
modules 14, 15 and 16 have adequate interior heights to enable a reasonable quantity of 
articles 28 to be stacked upon an article carrier 20. The radiation shielding modules 1 4, 1 5 and 
16 do riot extend all the way to the floor upon which the conveyor system 1 2 is supported, A 
skirt 45 extends between the bottoms of the radiation shielding modules 1 4, 1 5 and 1 6 and the 
25 floor,' as shown in Figure 1, 

Referring to Figure 1, individual radiation shielding modules 14, 15 and 16 
respectively include at least one section that is niovable^ such as a door 48, for enabling access 
to the portion of the conveyor system 12 that is encompassed by the respective radiation 
shielding modules 14, 15 and 16. 
30 Referring further to Figures 1 and 3, the conveyor system 12 is disposed in a path 

having curved turns 44 that are closely encompassed by the radiation shielding materials 40 
and 41 (Figure 4) within the shielding modules 1 4 and are of such degree between the target 
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region 23 and the loading and unloading areas 22 and 24 that the radiation shielding materials 
40 and 41 closely encompassing the turns 44 preclude a direct line of sight between the target, 
region 23 and the loading area 22 and a direct line of sight between the target region 23 and 
the unloading area 24, for thereby shielding the loading and unloading areas 22 and 24 from 
5 radiation derived from the radiation source 10. The closely encompassing radiation shielding 
materials 40 and 41 are so configured between the target region 23 and the loading and 
unloading areas 22 and 24 that radiation emanating from the target region 23 bounces off of 
the closely encompassing shielding materials 40 and 41 at least . three times without there being 
a direct line of sight between a second bounce site and the, loading area 22 or the unloading 
10 area24/ • ^ \ . * , -c . : • - — : ^ ■: . - 

The path of the con veyor. system 12 extends from the. loading area 22 to the curved 
turns 44 at the right end o&Figure 3,.thien;extends along theicurved turns 44 at the right end 
• of Figure 3, then .extends in a straight segment ;Or;portipn SO between the curyed turns at the 
right and left ends of Figure 3vthen=extends along the. cupyed turps 44 at the left end of Figure 
15 3 and then extends from the curved turn 44 at the. Jeft. end of Figure 3 to the unloading area 24 
in Figure 3. This.path defines a loop (which iriay actually be considered to constitute a single 
loop). There is space within this path as indicated at 81 . There is rjadiation shielding.material 
^40b in this space: There is also space outside^of Jhis path.as iridicated at 82. The radiation 
shielding materials 40a, 40c and 40d define the limits of the space ,82 outside of this path. 
20 By disposing the conveyor system 12 in a path haying curved.tums 44, (a) the turns 

44 may be and are of a continuous elevation so that liftrtransverse units are not required in 
order to transport the article carriers 20 through such turns 44, and (b) elongated articles (not 
shown) extending beyond the front and/or rear of an article .carriers 18 can be transported 
through a turn 44 that is closely encompassed by the radiation shielding materials 40 and 41 . 
25 At least some of the modules 16 are curved for respectively encompassing, in the 

conveyor system 12, segments. having an arc of curvature that is an integer divisor of ninety 
degrees. In the embodiment, of Figures 1 and 3 haying two ISO-degree turns 44 separated by 
straight segments, the second pair of comer-section shielding modules 16 are curved for 
encompassing 90-degree segments of the conveyor system 12. . 
30 Portions of the first pair of comer-section shielding, .modules 15 are adjacent the 

outside portions of the curved turns 44 of the conveyor system 1 2 that are within a direct line 
of sight from the target region 23. In these portions of the first pair of comer-section shielding 
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modules 15, the radiation shielding material 40a in thespace outside of the curved turn 44 is 
not as close to the path of the conveyor system 12 as .the radiation shielding material 40b in 
the space inside of such curved turns 44. Furthermore, in these portions of the first pair of 
comer-section shielding modules I S, the radiation shielding material 40a in the space outside 
5 of the curved turns 44 is thicker than the radiation shielding material 40b in the space inside 
of the curved turns 44l The thicker radiation shielding material 40a in the space outside of the 
curved turns 44 that is v^ithin a direct line ofsight from the target region 23 extends in a much 
thicker comer portion 47 to afar point 48 at a right angle from the ra^^ 
■ - 40c thatextendsina straight line to the' target regiGn.23> From the far point 48, the radiation 
10 shielding material 40dextends at aright: angle from the much thicker c^^ toward 
the path of 'the conveyor system 12; Although only the. reference nunierals 40a, 40b, 40c and 
^ ' 40d ate used above in relation :tO' the radiation shielding material adjacent the curved turns 44 
' within th&first pair of corner^ section radiation shielding rnodules 15, it is to be understood that 
^ the radiation shielding material 40a, 40b, 40c and 40d within the first pair of comer-section 
1 5 - radiation shielding mcdules 1 5 includes both a layer of lead 40 and a layer of iron 41 as shown 
in Figure 4;- =■ ■ ^v.- ■■ ■ ^ "-^ ^ ■ 
' ' ' In the portions of the first pair of comer-section shielding modules 1 5 that are adj acent 

the inside portions of the cun/ed turns 44, the radiation shielding material 40b has 
^ approximately the same degree of curvature as the curved; turns 44 in order to enhance 
20 dispersal of radiation reflected from the radiation shielding/material 40b adjacent the outside 
portions of the curved turns 44 that are within a direct line of sight from the target region 23. 
. : i Referring to Figure 5, in anotherpreferred embodiment for use in reorienting the article 

' carriers 20 by 1 80 degrees for retransportation through the target region 23 to thereby enable 
the articles 18 to be irradiated from first and second opposite sides, the irradiation system of 
25 the present invention includes a first conveyor system 12* for transporting the article carriers 
' 20 through the target region 23 and a second conveyor system 50 coupled to the first conveyor 
systern 12* for reorienting the article carriers 20 by 1 80 degrees with respect to the path of the 
first conveyor system 12'. This reorientation is provided for retransportation of the article 
carriers 20 through the target region 23 . to obtain an irradiation of the second side of the 
30 articVes 18 by the radiation source 10. 

The path of the first conveyor system 1 X in Figure 5 defines a closed loop having four 
curved ninety-degree turns. 5 1 , 52, 53, 54 and a straight segment 61 , .62, 63, 64 between each 
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pair of adjacent turns. The target region 23 is within the first straight segment 61 ; the loading 
and unloading areas 22 and 24 are in a common unshielded area adjacent the second straight 
segment 62 on the opposite side of the loop from the first straight segment 61; the third 
straight segment 63 is between the two turns 5 1 and 52 of the loop that are between the target 
5 region 23 and the unloading area 24; and the fourth straight segment 64 is between the two 
turns 53 and 54 of the loop that are between the -target region 23 and the loading -area 22. 

The second conveyor system 50 defines a straight path from a first position 71 in the 
third said straight segment 63 of the first conveyor system. 1 T7 The first position 7 1 is past the 
target regi6n"23.^ At the first position 71v the path of the'firstconveyor system 12' has a given 
1 0 alignment.^ The second conveyor system* 71 defines a-straight path 7 1 to a second position. 72 
in the fourth said straight segment' 64 of the first conveyor system 12*. . The sec.ond position 
' 72 is before the target 'region 23: At the secondposition 72^ the path of the first. conveyor 
system 12' has an alignment that'is-.oiie-hundj:ed-aiuI^ighty;degrees different than; t^ given 
alignment at the first position 71 . The first conveyor system 12* includes liftrtransv.erse units 
15 at the first and second positions' 71 and^ 72 for effecting , transfer of the article carriers 20 
between the first conveyor system 12* and the second conveyor system 50. 

By transporting the article carriers 20 from thcfirst position 71 on the first conveyor 
system 12* to the second position 72 on the first conveyor system 12', the second, conveyor 
system 50 reorients the articles 18 transported by the first conveyor system 12' byrone- 
20 hundred-and-eighty degrees (180*^) with respect tcthe path of the first conveyor system 12*. 
In this way, the second conveyor system provides for a retransp.ortation of the articles 18 
through the target region 23. hi this retransportation of the. articles 18 through the target 
region 23, the second side of the articles is irradiated with radiation from the radiation source 
10. 

25 The conveyor system 12* in the embodiment of Figure 5 also includes a process 

conveyor section 33, an inbound transport conveyor section. 34, an outbound transport 
conveyor section 35 and a closing conveyor section 36, which operate in the same manner as 
described with reference to the embodiment of Figure 3. 

The conveyor system 12* in the embodiment of Figure 5 further includes stop gates 38 

30 before the closing conveyor section 36, in the loading area 22,. in the unloading area 24, and 
within the inbound transport conveyor section 34, the outbound transport conveyor section 35 
and the second conveyor system'50, as shown, for queuing and traffic management of the 
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article carriers 20. 

The embodiment of the irradiation system shown in Figure 5 also includes a radiation 
shielding assembly 13, a first pair of straight-section radiation shielding modules 14 
respectively having one end sealed to opposite ends of the radiation shielding assembly 13, 

5 a first pair of comer-section radiation shielding modules 1 5 respectively having one end sealed 
to the other ends of the straight-section radiation shielding modules 1 4, as in the embodiment 
of Figures 1, 2 and 3, a second pair of straight radiation shielding modules 74 respectively 
having one end sealed to the other ends of the first pair of comer-section radiation shielding 
modules I S ; a pair of sets of seriatim-sealed curved radiation shielding modules 76 sealed 

10 fespectivisly to the other ends ofthe secondp 

74 and a pair of sets of seriatim-sealed straight radiation shielding modules 78 sealed 
' - respectively to the sides of the second pair of straight radiation shielding modules 74 that are 
- * adjacent the second ^conveyor system 5 Ov ' ^ - ' ; ; 

' ^ The curved shielding modules 76%e substto^ 

15 - comer-section shielding rnddules 16 shown in Figure 3, except that the individual curved 
shielding modules 76 encompass shorter segments of the first conveyor system 12* than the 
segments of the first conveyor system 1 2 encompassed by the respective second pair of curved 
comer-section shielding modules 16 in the embodiments of Figures 1 and 3. The radiation 
shielding modules 14, 15, 74, 76 and 78 include radiation shielding material disposed in the 

20 same manner as shown in Figure 4^ except that in the second pair of straight radiation 
shielding modules 74, the side thereof that is sealed to an adjacent straight radiation module 
78 has an opening into the adjacent straight radiation module 78. The radiation shielding 
material within the radiation shielding modules 14, 15, 74 and 76 define extensions of the 
tunnel 28 and closely encompass the portions of the first conveyor system. 1 2' that extend away 

25 fi-om the target region 23 toward the loading arid unloading areas, 22 and 24, in order to 
preclude a direct line of sight between the target region 23 and the loading area 22 and a direct 
line of sight between the target region 23 and the unloading area 24. These portions of the first 
conveyor system 12* include the turns 51, 52, 53 and 54: 

The radiation shielding material within the sets of seriatim-sealed straight radiation 

30 shielding modules 78 define tunnels branching off from the tunnel 28 and closely encompass 
those portions of the second conveyor system 50 that are adjacent the first and second 
positions 71 and 72 of the first conveyor system 12* where the second conveyor system 50 is 
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coupled to the first conveyor system 12*. The tunnels 78 operate to shield the loading and 
unloading areas 22 and 24 firom'radiation derived from the radiation source 10. The interior 
side walls of the straight radiation shielding modules 78 may be a greater distance from the 
second conveyor system 50 than the interior side v/alls of the curved radiation shielding 
5 modules 76 are from the first conveyor system 1 2' in order to accommodate elongated articles 
extending beyond the front and/or rear of an article carrier. 18. 

The curved radiation shielding modules 76 respectively encompass twenty-two-and- 
one-half-degree segments^ of two of the ninety-degree turns 52 and 54 of the first conveyor 
system 12V' rTheandividu£d curved radiation shielding modules 76; encompass, approximately 
1 0 uniform-lengtH:segments of the: first conveyor; system ;12 V The individual straight radiation 
shielding modules JS-encjompass. approximately 'unifomi-length segments of the second 
conveyor system 50.; In aljematiye embodimentsvtke'pury.e. shielding mod encompass 
thirty-degree, forty-five-degree or runety-degree segments of the, .two., ninety-degree tums 52 
• and 54 of the;first conveyor system, 12'. Por.tums 44, 52 and 54 of the respective conveyor 
1 5 systems 1 2, 12*. that are integer.multiplesvof m degreea,'the radiation shielding material 40 and 
41 may be disposed within ;a plurality of curved radiation shielding modules 16, and 76 that 
respectively encompass m-degree segments of the . turns. In other respects the irradiation 
system of Figure 5 is substantially the same as the^irradiation systemS; of Figures 1 and 3. 

Shielding rnodules having an arc of curvature of less than ninety degrees are 
20 particularly useful for encompassing turns of conveyor systems that , are other, than ninety 
degrees. Although shi elding jmodules haying an arc of curvature of less than ninety degrees 
are more readily handled during assembly and disassembly of the irradiation system, shielding 
modules having a ninety-degree curvature usually are preferred because fewer shielding 
modules are thereby required in the overall irradiation system, whereby there are fewer sealed 
25 joints between the radiation shielding modules. 

In an- alternative embodiment, the radiation, source 10 is disposed along an 
approximately vertical axis for scanning articles 1 8 transported through the target region 23 
by the process conveyor section 33 and the radiation shielding assembly 13 is disposed about 
such vertical axis. 

30 The dimensions of the various components of the radiation shielding,assembly 1 3, and 

of the respective radiations shielding modules 14, 15, 16, 74, 75 at di fferent locations within 
the irradiation system are determined by > computer-raided rnodehng in accordance with a 
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technique described in a manual entitled "MCNP-A General Monte Carlo Code for Neutron 
and Photon Transport'' published by the Radiation Shielding Information Center, P.O. Box 
2008, Oak Ridge, Tennessee 37831,. 

The embodiment shown in Figure 6 includes a conveyor system, generally indicated 
5 at 1 00, having a path of movement similar to that shown in Figure 3 and described above. The 
conveyor system 100 may be formed from a plurality of conveyors corresponding to the 
conveyors shown in Figures, 3 and ,4 and described above. The path of movement of article 
, earners (corresponding tQ th^^^^ 
, from a loading area 106 in a substantial^ loop past a target region 108 to an unloading 

: ; 10 , ar.ea 110 disposed adj apent the loading aT^^^ 106 and the unloading area 

1 10 may be considered to be disposed in substantially contiguous relationship to each other. 

- ; ; c : . The closed loop inclu^ 106, 
: a portion 114 haying a substantia^^^^^ 90^ cun^ature at the end.of the straight portion 1 12, a 

V .straight portion 1 16 ?X the end pf the curved po^ a portion 118 haying a substantially 

15 1 80^ curvature (defined by two (2) connecting 90^ curvatures) at the end of the straight portion 
, ^ . 116,- a straight portion 120 at, the end of the. 180** curved portion 118, a portion 122 having a 

- . substantially , 1 80** curvature (defined by two (2) connecting 90** curvatures), a straight portion 
: : : 124 at the end of the 1 80^ curved portion 122, a portion 1 26 having a 90° curvature at the end 

ofthestraightportion 124 and a straight portion 128 at the end of the curved portion 126. The 
20 straight portions 112 and 128 are disposed clpse, and in substantially parallel relationship, to 
each other. The unloading area 106 is disposed near the end of the straight portion 128. 
Instead of providing the portion 118 with the substantially 1 80** curvature, the portion 1 1 8 may 
be defined by two (2) portions each with a 90** curvature and each separated fi-om the other by 
a straight portion. This is also true of the portion 1 22 with the 1 $0** curvature. The straight 
25 portions 112 and 128 may be considered to be in substantially contiguous relationship to each 
other. ; 

As will be seen in Figure 6, the corvveypr system 100 is shaped in a loop to define a 
. substantially confined space .within the loop. A source 129 of radiation extends horizontally 

into the target region 108. Radiation shielding materialgenerally indicated at 130is disposed 
30 within this confined space to substantially fill the space. The radiation shielding material 1 30 
may primarily constitute concrete 1 32. However, rods such as a rod 1 34 made from a suitable 
metal such as steel rnay be disposed within the concrete, The disposition of steel rods 134 
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within the concrete 132 is desirable because steel provides a greater shielding strength than 
concrete. 

The concrete shielding 132 may be pointed at strategic positions in the concrete. For 
example, the concrete shielding may be pointed at a strategic position 136. This strategic 
5 position corresponds to a position at the juncture of the straight portion 120 and the curved 
portion 122. The pointed position 136 provides reinforcement in the concrete shielding 132 
against the radiation which extends into the concrete shielding 1 32, from the juncture between 
the portions 120 and 122, in a direction indicated by ah arrow 138. AAHien the radiation 
extehdis into the radiation shielding maLterial 1 32nri' the-difdctlon^ 138 at the strategic position 
10 ' 136, the additional shielding material at theVpbsirib^ 136 provides* an additional shielding 
actioii iagainst radiation. ' ■ ' vi: . ' , L . : ' . , ^ ^ 

* A reroute conveyor system (or bridge an-angement)'ge^ 
between the straight pbrtions 1 12 and i28V The 'reroute conveyor systern 142 operates to 
transfer the article carriers (20 in Figure 1)' fi-6m- the straight portion 128 to the straight portion 
15 112 and to rotate the article cairiers through ah angle bf -180** ^during the transfer from the 
straight portion 1 28 to the reroute conveyor system. The transfer occurs after the first side of 
the articles in the article carriers has been irradiated by thiebperation of a first conveyor system 
139 in transporting the articles past the radiation source 10. When the transfer is made from 
the reroixte conveyor system 142 to the first conveyor system 139, the first conveyor system 
20 transports the articles 18 past the radiation source 1-29 to obtain an irradiation of the second 
sideofthe articlesby the radiation source 129. ^ - 

A chamber 1 46 envelopes the conveyor system 1 00. The chamber may be made from 
a suitable radiation shielding material such as concrete. The chamber 146 is spaced from the 
conveyor system 100. Radiation khieldirig members 150 may extend between the conveyor 
25 system 100 and the radiation shielding chamber 146. - The members 150 may be made from 
a suitable material such as steel or aluminum. The members 150 may respectively extend at 
an oblique angle between comers of the chamber 146 and the curved portions 118 and 122 of 
the conveyor systbm 100. Plates 152 made from a suitable radiation shielding material such 
as steel or aluminum may be disposed adjacent external walls of the chamber 1 50 to provide 
30 additional radiation shielding. 

Because of the radiatioii shielding provided by the radiation shielding material 132 and 
the rods 134 and by the radiation shielding material 146 and the members 150 and 152, 
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radiation shielding material does not have to be disposed in the vicinity of the reroute 
conveyor system 142. This significantly simplifies the construction of the reroute conveyor 
system. 142. The reroute conveyor system 142 is also significantly simplified because of its 
minimal length between the straight portions 1 12 and 128. Radiation shielding material also 
5 does not have to be provided at the loading station 108 or the unloading station 110. 

Figure 7 shows another embodiment of the invention. In this embodiment, a radiation 
source 200 is disposed in a direction substantially perpendicular to the conveyor system 1 00. 
The radiation source.20G extends into a target region 202 to direct ^radiation into the articles 
in avdireetion substaiitially;perpendLCular to .the plane of movemmt of the articles. 
10 . ;i TheembodimentshowninFigure7mayhaveradiationshieldings^ 

in Figure 6 and described aboye. Howeyer^ amember corresponding, to the member 1 34 may 
' not be provided in the areaiwithin the conveyorsystem. 1 GO. Furthermore, a tongue 204 made 
from a suitable material such as eoricrete:may extend, from concrete material 205 in the loop 
within the conveyor system 100 toward a reroute conveyor system 206 corresponding to the 
15 reroute conveyor system 142 in Figure 5. The tongue 204 operates to further prevent any 
radiation from the source .200 from-eaching the reroute conveyor system 206 and a loading 
area2G8 and an unloading area 210. . ; , , 

While the above description contains many specificities, these should not be construed 
as limitations on the scope of the present invention, but rather as examples of the preferred 
20 embodiments described herein. Other variations are possible and the scope of the present 
invention should be determined not by the embodiments described herein but rather by the 
• claims and their legal equivalents. 
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WHAT IS CLAIMED IS : 

1 . An article irradiation system, comprising, a target region, a radiation source 
positioned for scanning the target region, a loading area, an unloading area, a conveyor system 
for transporting articles in a loop from the loading area through the target region to the 
unloading area, there being space within the -loop ^and space outside of the loop, radiation 

^5 shielding material disposed in the space within the loop and in the space outside of the loop 
to define a- tunnel through which the- conveyor- system -ex tends /between the loading and 
unloading areas, the' tunnel defined by the radiation^shielding.material at positions displaced 
from the target T€gi On iin 'directions toward the- loa*^^ unloading area, 

beiiig curved to* preclude a direct line of isight b region and each of the 

10 loading and unloading areas and thereby shield'the^^ 

derived 'frorii the radiation source, ^the space- within the:loop:being substantially filled by the 
; radiation shielding material. ' ' ^ a-. ■ ^ - : . , \ . ^ 

2. Anarticleirradiationsystem asset forth in claim 1, comprising, the.curvedpptions 
of the loop defined by the conveyor system having opposite ends and straight portions of the 
conveyor system extending from the; opposite curved ends of the loop,, the loading and 

*' unloading areas being disposed opposite each other in the, straight portions of the conveyor 
5 system extending from the opposite curved ends of the loop. 

3. An article irradiation system as set forth in claim 1, comprising, the radiation 
shielding material within the loop constituting a first radiation shielding material, and 

a rod made from a second radiation shielding material being disposed in the space 
within the first radiation shielding material. 

4. An article irradiation system as set forth in claim 2, comprising, the article having 
first and second sides, the conveyor system constituting a first conveyor system and providing 
for an irradiation of the first side of the article by the radiation source, a second conveyor 
system having opposite ends connected to the straight portions of the conveyor system 

5 extending from the opposite curved ends of the loop, the second conveyor system being 
operative to tum the article by 1 80^ and to transfer the article to the first conveyor system for 
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irradiation by the radiation source of the second side of the article, the second conveyor system 
being free of radiation shielding material. 

5. iAn article irradiation system as set forth in claim 4, comprising, the loading and 
unloading areas being disposed in contiguous relationship to each other at the straight portions 
of the conveyor system extending from the opposite curved ends of the loop, the loading and 
unloading areas, being disposed further ^om the opposite curved, ends of the loop than the 
5: , second convieyor systjem. : , /; : / - .... ; . , > , .? 

,6; An irradiation, system as^^ 5 , wherein the loading area, the 

unloading area and the S rst; and second convey pre systems, are disposed in a substantially 
horizontal plane and 

]:■:-■ the radiation^source is disposed in the subs^ 

7; - lAnijirradiaticn system, as set forth in claim 5 >vherein the loading area, the 
. unloading area and the first and second conyeyor systems are disposed in a siubstantially 
horizontal plane and wherein the. radiation source is disposed in a plane substantially 
perpendicular to the substantially horizontal plane. > . 

. ; 8. An article irradiation system, comprising, a .target region, a radiation source 

positioned for scanning the target region, a loading area, an unloading.area, a conveyor system 
for transporting articles in a loop from the loading area through the target region to the 
unloading area, there being space within the loop and space outside of the loop, radiation 

5 shielding material disposed in the space within the Ipop and in the space outside of the loop 
to define a tunnel through which the conveyor system extends between the loading and 
unloading areas, the radiation shielding material in the space outside the loop including first 
. and second radiation shielding materials, the first radiation shielding material providing a 
stronger radiation shielding than the second radiation shielding mat^al, the first radiation 

1 0 shielding material being disposed in the space within the loop a displaced relationship to each 
other and to the conveyor system, the tunnel defined by the radiation shielding material at 
positions displaced from the target region in directions toward the loading area, and toward 
the unloading area, being curved to precliide a direct line; of sight between the target region 
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and each of the loading and unloading areas and thereby shield the loading and unloading 
15 areas from radiation derived from the radiation source. 


9. An article irradiation system as set forth in claim 8, wherein the first radiation 
shielding material is a metal and the second radiation shielding material is a non-metal. 

10. An article irradiation system as set forth inxlaifn 9, wherein the curved portions 
of the loop defined by the conveyor system have opposite ends and straight portions of the 
conveyor system extend from the opposite curved ends of the loop, and wherein the loading 
and unloading areas are disposed in xontiguous relatiorisKip to each other in the straight 

5 portions of the. conveyor 'system exfendirig-frorri'the opposite curved ends of the loop. 

1 1. Ah article irradiating system as set forth in claiiri 9, - wherein the article has first 
and second opposite sides and wherein the conveyor system constitutes a first conveyor 
system and providers initially foi* an irradiation of the first side ofthe article by the radiation 
source and wherein a second conveyor systeni is opeifatively coupled* to the first conveyor 

5 system ' to receive the article after the irradiation" of th6 first side of the article, to rotate the 
received article through an angle of 1 80^ and to transfer the rotated anglie to the first conveyor 
system for an irradiation of the second side of the article by the radiation source and wherein 
the second conveyor system is disposed relative to the first conveyor system and the 
radiation shielding material to be free of any radiation from the radiation shielding iriaterial. 

12. An article irradiation system as set forth in claim 10, wherein the second 
conveyor system and the loading and unloading areas are free of any radiation shielding 
material. ; 

13. An article as set forth in claim- 12 wHerein^he radiation source, the loading and 
unloading areas and the first and second conveyor systems are disposed in a substantially 
common plane. 

14. An article irradiation system as set forth in claim 12 wherein the loading and 
unloading areas and the first and second conveyor systems are disposied in a substantially 
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common plane and wherein the radiation source is substantially perpendicular to the 
substantially common plane. 

15. An article irradiation system, comprising, a target region, a radiation source 
positioned fox scanning the target region, a loading area, an unloading area, a conveyor system 
for transporting articles in a loop from the loading area through the target region to the 
unloading area, there being space within the loop and space outside of the loop, radiation 

5 shielding material in the space disposed within the loop and in the space outside of the loop 
to defme a tunnel thr^ough whiek t^^^^^ extends between the loading and 

unloading areas, the radiation shieiiding material in the spkce buisideof the loop including first 
and second radiation shielding -materias; the first m^^ providing a 

stronger radiation shieldiiig than^ the^ second radiation shielding material, the first radiation 

10 shielding material being dispo'seJdirtthe^space outside of the lo^^^^^^ loop than 

the second radiation shielding material, the tiumels defined by the radiation shielding material 
at positions displaced from the target region in directioris toward the loading area, and toward 
the unloadihig area, being curved to preclude a direct line of sight between the target region 
and each of the loading a:n[d unloading areas and thereby shield the loading and unloading 

1 5 areas from riadiation derived from the radiation source. 

1 6. An article irradiation system as set forth in claihi 1 5, comprising, the first radiation 
shielding material constituting a metal and the second radiation shielding material constituting 
anon-metal. 

1 7. A system as set forth in claim 1 5 wherein the curved portions of the loop defined 
by the conveyor system have opposite ends and straight portions of the conveyor system 
extend from the opposite curved ends of the loop and wherein the loading and unloading areas 
are disposed opposite each other in ih'e straight portions of the conveyor system extending 

5 from the opposite curved ends of the loop and being disposed in substantially contiguous 
relationship to each other. 

- 1 8. A system as set forth in claim 1 5 wherein the article has first and second opposite 

sides and wherein the conveyor system constitutes a first conveyor system and provides 
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initially for an irradiation of the first side of the article by the irradiation system and wherein 
a second conveyor system is operatively coupled to the first conveyor system to receive the. 
5 article after the irradiation of the first side of the article, to rotate the received article through 
an angle of 180° and to transfer the rotated article to the first conveyor system for an 
irradiation of the second side of the article by the radiation source and wherein the second 
, conveyor system is. disposed relative to the first conveyor system and the radiation shielding 
material to be^free of any radiation frorn the radiation source, 

: 1 9. A systern as set forth in claim 17 wherein the article has first and second opposite 
•sides and wherein the. conveyor systeni constitutes:.a^ fi^ system. and provides 

: initially fpran iiradiation of the first^side of the article by, the irradiation system and wherein 
a. second conveyor system is operatively. coupled; to. ;the/i^^^ to receive the 

5 . article after the irradjation of the first side, of the article^ ^toirotate the received article through 
■ an angle .of 18Q^ and to transfer the rptated article tactile fi^^^^ cpnveyor system for an 
irradiation of the second side of the article by the ^radiationtspurcQrand wherein th second 
conveyor system is disposed relative to the first conveyor system and the radiation shielding 
material to be fi*ee of any radiation fi-om the radiation source and, 
1 0 wherein the second conveyor system extends Ibetwpen the^ straight portions of the first 

conveyor system and wherein the straight portions of the first conveyor system are disposed 
in substantially contiguous relationship to each other, ■ • ; . . 

20. A system as set forth in claim 18 wherein the radiation source, the loading and 
unloading areas and the first and second conveyor systems are disposed in a substantially 
common plane. 

2 1 . A system as set forth in claim 1 8. wherein the radiation source, the loading and 
unloading areas and the first and second conyeyor systeips are disposed in a substantially 
common plane and wherein the radiation source is substantially perpendicular to the 
substantially common plane. 

22. A system^ for irradiating articles .having .first and second sides, including, a 
. radiation source constructed to provide radiation, a.lpading area displaced from the radiation 
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source, an unloading area displaced from the radiation source and the loading area, a first 
conveyor system movable in a path, curved at particular positions along the path to define a 
loop, from the loading area past the radiation source to the unloading area and constructed to 
carry the articles in the looped path past the source for an irradiation of the first side of the 
articles by the source, radiation shielding material disposed at progressive positions along the 
path of movement of the articles in the loop, including the curves at the particular positions 
along the path, between the radiation source and the unloading area to prevent radiation from 
the source from reaching the loading and unloading; areas,- and ■ l : . . 

asecond conveyor system corniected- betv^een the opposite sides of the loop defined 
by the first cchveyor system, at positions which do not receive radiation from the source, the 
second conveyor system beings connected to the first conveyor system to.receive the articles 
from the first conveyor system at a position after the irradiation of the first side of the article 
by the source and tc rotate the.articles>through a particular angle and to transfer the articles to 
the first conveyor system at a position ^before the irradiation of the article by the radiafion 
source to obtain an iiradiation of the second side of the article by the source. 

' 23; -A system as. set forth in claim 22 wherein the second conveyor system is free of 
radiation shielding material and wherein the loading and unloading areas are free of radiation 
shielding material and wherein the loading and unloading areas are disposed relative to the 
first conveyor system to be free of radiafion from the radiation source. 

24. A system as set forth in claim 22 wherein the first conveyor system has straight 
portions extending from the curved positions to the loading and unloading areas and wherein 
the second conveyor system and the loading and unloading areas are connected to the first 
conveyor system at the straight portions of the first conveyor system and wherein the second 
conveyor system is closer to the curved positions in the first conveyor system than the loading 
and unloading areas. . < ^ 

25: A system as set forth in claim 20 wherein there is space within the loop and space 
outside of the loop and wherein the radiation shielding material is disposed in the space within 
the loop and in the space outside of the loop. 
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26. A system as set forth 24 wherein there is space within the loop and space outside 
of the loop and wherein the radiation shielding material is disposed in the space within the 
loop and in the space outside the loop and wherein the radiation shielding material in the space 
within the loop substantially fills this space. - 

27 . A system-for irradiating articles having a-first side and a second side opposite the 
first side, including, a radiation^source constructed to provide- radiation, a first conveyor 
system movable in a loop past the radiation source anfdxonstructed to carry the articles from 
a position in front of the source toa position past the^source for the irradiation of the first side 

5 ' of the articles by-thesotirce, a .loading f^rea; disposed '.relative to the first conveyor system to 
provide articles to the first conveyor systemvanainloading area disposed-relative to the first 
conveyor system to receive article's firom the first conveyor system, a second conveyor system 
connected within- the loop itOi the first conveyor system -between . a position^ past the radiation 
source and aiposition- in front -of the radiation .source and iconstructed to: receive the articles 

1 0 from the first conveyor system after :the irradiation of the first side of the articles.by the source 
and to rotate the transferred articles through an angle of substantially 1 80^ and to transfer the 
rotated articles to the first conveyor system for themovement of the articles past the radiation 
source to obtain an irradiation of the second side of .^icles by the radiation source, and 

radiation shielding material disposed relative to the first conveyor system and the 

1 5 second conveyor system and the loading and unloading areas for isolating the second conveyor 
system and the loading and unloading areas from the source, the second conveyor system 
being free of radiation and of radiation shielding material. 

28. A system as set forth in claim 27 wherein the loop defined by the first conveyor 
system includes a pair of straight portions displaced from the radiation source and disposed 

20 in substantially contiguous relationship to each other and wherein the second conveyor loop 
is connected between the pair of the straight portions and wherein the loading area is at one 
of the straight portions and the unloading area is at the other one of the straight portions and 
the loading and unloading areas are displaced fiirther from the radiation source than 
the second conveyor system.. 
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29. A system as set forth in claim 27 wherein there is space within the loop and space 
outside of the loop and wherein the radiation shielding material is disposed in the space within 
the loop and in the space outside of the loop to prevent radiation from the source from 
reaching the second conveyor system and the loading and unloading areas. 

30. A system as set forth in claim 28 wherein there is space within the loop and space 
outside of the loop and wherein radiation shielding material is disposed in the space within the 
loop and in the space outside of the l6op to prevent radiation from tfie source from reaching 
the second conveyor system and the loading and unloading ifeas. * 

5 3 1 / A system as set forth in claim 30 wherein the radiation shielding material in the 

space within the loop comprises first and second raciiatibn shielding materials arid the first 
radiation shielding material provides greater radiafi^ shielciing thaii the second radiation 
shielding material and wherein the first radiation shielding material is disposed within the 
second shielding material in the space within the loop. 

32. ^ A method of irradiating articles^ including the steps of: 

providing a radiation source, providing a loading area, providing an unloading area, 
providing a target region for receiving radiation from the source, providing a particular path 
in a loop for a movement of the articles from the loading area in the particular path through 
5 the target region to the unloading area, the particular path in the loop having configurations 
at particular positions in the particular path to inhibit radiation fi^om the source from reaching 
the loading area and the unloading area, there being space within the loop and space outside 
of the loop, providing radiation shielding material at the particular positions in the space 
within the loop to prevent radiation from the source from reaching the loading area and the 
10 unloading area, the radiation shielding material being disposed in the particular path in the 
space within the loop and in the space outside of the loop and the radiation shielding material 
in the space within the loop substantially filling the space within the loop, and 

providing for a movement of the articles through the particular path in the loop to 
obtain an irradiation of the articles by the source in the target region. 
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33. A method as set forth in claim 32 wherein the radiation seahng material in the 
space within the loop comprises first and second radiation shielding materials, the first 
radiation shielding material providing a greater shielding than the second radiation shielding 
material, the first radiation shielding material being disposed within the loop than the second 

5 radiation shielding material. 

34. A method as set forth in claim 32, including the steps of: 

the articles having first and second opposite sides, the particular path constituting a 
first particular path, and ^ . , , i . - .... . 

coupling a second particular path, at a position in the loop where there is no radiation, 
5 to the first particular path to provide.for a transfer pf the articles from the first particular path 
to the second particular path after the irradiation pf the first side of the articles by the radiation 
source^ a rotation pf the transferred article to an aiigle of substantially 1 SO^ and a transfer 
of the rotated articles to the first particular path for an irradiation of the second side of the 
articles by the radiation source. . ^ ; , . 

35. A method as set forth in claim 34 wherein the second particular path is closer to 
the radiation source than the loading, area and the unloading area and wherein the second 
particular path and the loading and unloading areas are fi*ee of radiation shielding material. 

36. A system for irradiating articles, including, a target region, a radiation source 
positioned for scanning the target region, a loading area for the articles, an unloading area for 
the articles, a conveyor system disposed in a loop for transporting articles from the loading 
area through the target region to the unloading area, the loop being shaped to define a space 

5 within the loop, radiation shielding material substantially filling the space within the loop to 
prevent radiation ft*om the source from reaching the loading area and the unloading area, the 
loading area and the unloading area being free of radiation shielding material. 

37. A system as set forth in claim 36 wherein the articles have first and second sides 
and wherein the conveyor system initially moves the articles past the radiating source to 
irradiate the first sides of the articles and wherein a bridging arrangement is disposed between 
the radiation source and the unloading and loading areas and is coupled to the first conveyor 
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system to transfer the articles from a position on the conveyor system past the radiation source 
to a position on the conveyor system in front of the radiation source for a subsequent 
movement of the articles by the conveyor system past the radiating source to provide for an 
irradiation of the second sides of the articles. . 

38. A system as set forth in claim. 37 wherein the bridging arrangement is disposed 
relative to the loop to minimize the distance of the bridging arrangement. 

' ■ : 39:' A system for;irradiating articles as set forth inclaim 37 wherein the loop defines 
a space within the loop and wherein, the radiation shielding material substantially fills the 
space AVithin the loop: ^ ^ ; - ^^^ : : - • 

40. A system as set forth in claim 39 wherein the radiation shielding material in the 
space Within'the loop includes concrete and includes a metallic rod within the concrete. 

' 41 . A system as set forth in claim 36, including, a chamber, the radiation source and 
the conveyor system being disposed within the chamber and there being space within the 
chamber not occupied by the radiation source and the conveyor system. 

42: A system as set forth in claim 37 wherein the radiation source, the loading and 
unloading areas, the conveyor system and the bridging arrangement are disposed in a 
substantially common plane. 


43 . A system as set forth in claim 3 8 wherein the loading and xmloading areas and the 
conveyor system and the bridging arrangement are disposed in a substantially common plane 
and wherein the radiation source is substantially perpendicular to the substantially common 
plane. 

44. A system for irradiating articles having first and second sides, including, a target 
region, a radiation source positioned for scanning the target region, a loading area for the 
articles, an unloading area for the articles, the loading area being disposed in a substantially 
contiguous arrangement to = the loading area, a conveyor system disposed in a loop for 
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5 transporting articles from the loading area past the target region to the unloading area to obtain 
an irradiation of the first side of the articles by the radiation source, the loop having a curved 
portion with opposite ends and there being straight portions at the opposite ends of the curved 
portions, radiation shielding material disposed relative to the loop for shielding the loading 
area and the unloading area from the radiation source, and 

10 a bridging arrangement disposed between. the loading area and the target region to 

transfer to the conveyor system the articles moving toward the,.unloading area after being 
irradiated by the source and to position the transferred articles for movement by the conveyor 
system and to obtain an irradiation of the second sides^of the articles during the movement of 
the articles by thCiConveyor loop^ theibridging^arrarigement having opposite ends coupled to 

1 5 the straight portions of the conveyor system, the bridging area and the loading.and unloading 
areas being free of the radiation shielding material. 

45. A system as set forth in claim 44 wherein :there being space within the loop and 
wherein the radiating shielding material is disposed in the space within the loop for shielding 
the loading area and the unloading area and thebridging arrangement from radiation from the 
radiation source. • : . ; • ' ; 

46. A system as set forth in claim 44 wherein the loop defines a space within the loop 
and space outside of the loop and wherein the radiation shielding material substantially fills 
the space within the loop and wherein radiation shielding is also disposed in the space outside 
of the loop. 

47. A system as set forth in claim 37, including, a chamber, the radiation source and 
the conveyor system being disposed within the chamber and there being within the chamber 
space, not occupied by the radiation source and the conveyor system. 

48- A method of irradiating, in article carriers, articles having first and second 
opposite sides, including the steps of: . , 

providing a radiation source in a target region, providing a loading area, providing an 
unloading area in a substantially contiguous relationship to the loading area for a transfer of 
5 the article carriers from the unloading- area to the loading area, providing a movement of the 
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article carriers in a loop from the loading area through the target region to the unloading area 
to obtain an irradiation by the source of the first sides of the articles, the loop having curved 
portions and defining a space within the loop, providing radiation shielding material in the 
space within the loop to produce, within the loop, spaces free of radiation at positions between 

1 0 the target region and the loading md unloading areas, and 

disposiiig a bridging arrangement, free of radiation shielding material, at one of the 
spaces, free of radiation, between the target region and the loading and unloading areas to 
provide for a transfer of the article carriers' from the loop at a position past the irradiation of 
the articles to a position in the loop in front of the irradiation 6f the articles for the irradiation 

1 5 of the second sides of the ^articles by the radiation source, the loading area and the unloading 
area also being disposgd.at positions fr^ee. of radiation and radiation shielding material. 

A method as spt iFofth iriiclaim 48, including the steps of: ' 
the loop having opposite ends and having straight portions at its opposite ends, the 
bridging arrangement extending between the straight portions at the opposite ends of the loop, 
and 

5 the loading and unloading areas being disposed between the straight portions of the 

loop at portions further removed from the target region than the bridging arrangement. 


50. ' A method as set forth in claim 48, including the step of: 

substantially filling the space within the loop with the radiation shielding material. 

51 . A method as set forth in claim 48, including the step of: 

disposing the radiation source, the loading area, the unloading area, the loop and the 
bridging arrangement within a.chamber made from a radiation shielding material and spaced 
from the loop. ' - ' " . 
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